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(54) Roll forming method for forming flat tube and roil forming apparatus using the same 



(57) According to the present invention, a roll form- 
ing method includes a first roll forming process (1 1) for 
forming a trapezoidal projecting portion (416) at a 
center portion, a second roll forming process (12-18) for 
gradually narrowing an upper side of the trapezoidal 
projecting portion to form a turnup projecting portion 
(43, 44). a third roll forming process (21 , 22) for forming 
perpendicularly folded portions (456) at both sides, and 



a fourth roll forming process (23-28) for folding a middle 
portion between the perpendicularly folded portion and 
the turnup projecting portion in a semi-circular shape. In 
this way. it is possible to form a turnup projecting por- 
tion. Insides of which are closely contacted to each 
other with a curvature which is larger than the conven- 
tional curvature, with high speed. 
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Description 

BACKGROUND OF THE irOVENTION 

1. Reld of the Invention: 

The present invention relates to a roll forming 
method for forming a flat tube having a reinforced por- 
tion at a center thereof, which is used for a heat 
exchanger or the like. 

2. Description of Related Art: 

In a radiator for a vehicle, a heat exchanger of a hot 
water type heating apparatus, or the like, there is used 
a flat tube through which a fluid for heat exchange flows. 
The flat tube is brazed to a container (such as a tank} of 
the heat exchanger. 

As a flat tube employed for a heat exchanger having 
a large wkith. as shown in FIG. 33. there has been pro- 
posed a flat tube 90 having a 6-shaped cross section, in 
which a reinforced portion 91 is provided at a center 
thereof (as disclosed in JP-A-6-1 23571). The reinforced 
portion 91 is composed of edge portions 91 1 bent per- 
pendicularly at each end of a plate material and a pro- 
jecting portion 912 folded into a mountain shape at a 
center portion of the plate material, and both of the edge 
portions and the projecting portion are connected to 
each other by brazing. 

Further, as a method for continuously cold-forming 
a long member such as a flat tube on mass production, 
there has been known a roll forming method. 

For example, as disclosed in JP-B2-7-41331, as a 
method for bending both ends of a belt plate perpendic- 
ularly by a roll forming, there has been proposed a form- 
ing method composed of separate three processes 
including a process for bending both ends by approxi- 
mately , a process for bending both ends by approx- 
imately 70*" . and a process for bending both ends by 
approximately 90** . 

As described above, because the reinfbrced portion 
91 of the flat tube 90 is, as shown in FIG. 33. composed 
of the edge portions 911 bent perpendicularly and the 
projecting portion 912 folded In a mountain shape, 
those portions should be formed not to create a large 
gap (depression 925) therebetween, and shouM be fix- 
edly connected to each other. 

If the depression 925 between the edge portion 91 1 
and the projecting portion 912 is large, when the flat 
tube 90 is brazed to a container 99 such as a tank, the 
gap which cannot be filled up by brazing still remains, 
and there occurs a problem of a leakage or the like. 
Therefore, it is necessary to reduce both of an outer cur- 
vature radius 921 of the edge portion 91 1 and a curva- 
ture radius 922 at a top portion of the projecting portion 
912. 

However. It Is extremely difficult to perform a roll 
forming with high accuracy and witti high speed while 



reducing the curvature radii of the above^escribed 
edge portion 91 1 and the projecting portion 912. 

For exanrple, when the above-described projecting 
portion 912 is rdl-fbrmed. as shown in FIG. 30. a trans- 

5 verse width of a belt-shaped plate 94 is drawn In (nar- 
rowed), and then, as shown in FIG. 31. a projecting 
portion 95 is formed in a triangular mountain shape. An 
angle a of tiie mountain of the projecting portion 95 is 
gradually made acuter every step of the roll-fbrming. 

10 However, while being formed, a tensile stress is 
applied to the top portion of the mountain of the project- 
ing portion 95, and if being formed larger, the top por- 
tion Is constricted to have a thin tiiickness. Further, if the 
curvature of the top portion is made larger, there may 

15 occur a problem of fracture or the like. That is. as shown 
in FIG. 30. the belt-shaped plate is held between rollers 
and is drawn in from a width direction to form a moun- 
tain-shaped projecting portion, a tensile stress T is 
applied to the top portion of ttie mountain of he project- 

20 ing portion 95, as described below. 

A first factor constituting the above-described ten- 
sile stress T is caused by a deformation resistance 
when the material is drawn In, and the deforming resist- 
ance is due to a shearing resistance of a flat portion 

25 (non-mountain portion). That is, a tensile force R (FIG. 
31) applied to the top portion per length in a longitudinal 
direction is expressed as the following formula. 

R = Sa X aa (1) 

30 

wherein Sa is a transverse cross section of the 
flat portion (non-mountain portion), i.e.. the transverse 
width w of the non-mountain portion x the plate thick- 
ness t, and oa Is a deformation resistance (stress) of the 

35 material. 

A second factor constituting the above-described 
tensile stress T is caused by a bending stress ov of the 
top portion of the mountain (similarly, per length in the 
longitudinal direction as shown in FIG. 31), and the ten- 

40 sile stress T is expressed as tiie follovmng formula with 
the above-described R. 

T = (R/t) + cTV = {Sax aa)/t + av (2) 

45 When the above-described stress T is larger than 
the tensile strength of the material, as shown in FIG. 32. 
a constriction 951 is caused on the top portion (the plate 
thickness is changed from t to t* by the constriction). 
Therefore, it is necessary to roll-form the projecting 

so portion while restricting a drawing amount of the mate- 
rial and a bending amount (curvature). Accordingly, the 
curvature of the top portion of the mountain cannot be 
increased excessively, and it is necessary to form by 
multi-stages, wrtii the result that the number of the proc- 

65 esses of the roll forming is increased. 
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SUMMARY OF THE INVEhfTION 

The present invention has been acconplished in 
view of the above-mentioned problems, and it is an 
object of the invention to provide a roll forming method 
and an apparatus using the same for forming a flat tube 
is provided with a reinforced portion having a projecting 
portion folded at a center thereof, with high accuracy 
and with high speed, in which the curvature of the 
curved portion of the above-descrtoed reinforced por- 
tion is made large and the depression of the reinforced 
portion is made smaller. 

According to a the present invention, a roll forming 
method for forming a flat tube having a e-shaped cross 
section by continuously bending a sheet of a long belt 
plate material, in which a reinforced portion is provided 
at a center thereof, includes the following four proc- 
esses. 

In a first roll forming process, a trapezoidal project- 
ing portion having an upper side is formed at a center 
portion of the belt plate material in a width direction 
thereof. 

In a second roll forming process, the upper side of 
the trapezoidal projecting portion is gradually narrowed 
such that said projecting portion Is formed substantially 
in a triangular shape and then for forming a turnup pro- 
jecting portion by dosety contacting insides of project- 
ing two sides of the triangular projecting portion. 

In a third roll forming process, perpendicularly 
folded portions are formed at both sides of the belt plate 
material in a transverse width direction in such a man- 
ner that each of the perpendicularly folded portions has 
a height smaller than a height of tiie turnup projecting 
portion. 

In a fourth roll forming process, a middle portion 
between the perpendicularly folded portion and the tur- 
nup projecting portion is formed in a semi-circular 
shape such that flat portions adjacent to tiie middle por- 
tion are in parallel with each other and each of the 
folded portions is closely contacted with each side sur- 
face of the tumup projecting portion. 

The most noticeable points in the present invention 
are that the trapezoidal projecting portion Is fbrmed at 
the center portion of ttie belt plate material in the width 
direction in the first process arKi that a triangular pro- 
jecting portion is formed by gradually narrowing the 
upper side of the trapezoidal projecting portion and then 
a turnup projecting portion is fbrmed by closely contact- 
ing insides of projecting two sides of the triangular pro- 
jecting portion. 

By forming the trapezoidal projecting portion at first, 
a size of the tensile force R expressed by the formula (1 ) 
is reduced as described below. Further, because a cur- 
vature radius of a curved portion in the f apezoidal pro- 
jecting portion is Increased, the bending stress ov is 
decreases, an area in which the sb'ess is applied is dis- 
persed, and the tensile stress T expressed by the for- 
mula (2) Is reduced. 



That is, because the transverse widtii w of tiie non- 
mountain portion (flat portion) in the formula (1) is nar- 
rowed, the transverse cross sectional area Sa of the flat 
portion (non-mountain portion) m decreased, and the 

5 tensile force R is decreased. 

Therefore, it becomes difficult for the bent portion to 
be constricted. 

Further, because a position of the bent portion is 
shifted while gradually narrowing the widtii of the upper 

10 side of the trapezoid, the tensile stress does not con- 
centrate on one spot. In tiiis way, it becomes iurXher dif- 
ficult for the bent portion to be constricted. Through 
such steps, the curvature of the bent portion is 
increased, and in the final stage the turnup projecting 

IS portion is fbrmed by closely contacting insides of pro- 
jecting two sides of the triangular projecting portion with 
each other. 

Therefore, according to the roll forming method of 
the present invention, it Is possible to form the turnup 

20 projecting portion, insides of which are closely con- 
tacted to each other with a curvature which is larger 
than the conventional curvature, with high speed. 

Further, the second roll forming process may 
include a pressing forming process for heading and 

25 pressing the turnup projecting portion from an upper 
side thereof while reducing a curvature radius of a 
curved portion tiiereof. to form the turnup projecting 
portion in a rectarrgular shape. 

Still further, the third roll forming process may 

30 include an intermediate bending process for bending a 
portion to be bent perpendicularly by a middle angle in 
a range of a bending angle 30"* - 60*" . and a final bend- 
ing process for bending perpendicularly the portion bent 
by the middle angle while heading tiie portion from an 

35 end portion thereof toward a curved portion only by a 
size A being 0.6 to 1.6 times as much as a plate thick- 
ness t of the belt plate material. 

In this way, an outer curvature radius r of the curved 
portion is preferably set to or less than the plate thick- 

40 ness t. 

The preferable curvature radius r (r ^ t) is a stand- 
ard value not to create a large depression improperly 
when the flat tube is brazed to a container. 

Further, tiie middle portion between the perpendic- 
45 ularly folded portion and the turnup projecting portion 
may be bent In a semi-circular shape while applying a 
pressing force F directing from the perpendicularly 
fblded portion toward tiie semi-circular folded portion. 

so BRIEF DESCRIPTION OF THE DRAWINGS 

Additional objects and advantages of tine present 
invention will be more readily apparent from the follow- 
ing detailed description of preferred emtxxliments 
55 thereof when taken together with the accompanying 
drawings in which: 

FIQ. 1 is a view showing a layout of a roll forming 
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apparatus according to an embodiment of the 
present invention; 

FIGS. 2A to 2F show sequentially formed states of 
a material In a first and a second forming processes 
in the enf^>odiment; s 
FIGS. 3A to 3E show sequentially formed states of 
a n^erial in a third and a fourth forming processes 
in the embodiment; 

FIG. 4 shows shapes of rolls In a first roll forming 
means in the embodiment; io 
FIG. 5 shows shapes of rolls at a first step in the 
second roll forming means in the emtxxiiment; 
FIG. 6 shows shapes of rolls at a second step in the 
second roll forming means in the emtsodiment; 
FIG. 7 shows shapes of rolls at a third step in the is 
second roll forming means in the embodiment; 
FIG. 8 shows shapes of rolls at a fourth step in the 
second roll forming means in the embodiment; 
FIG. 9 shows shapes of rolls each having a perpen- 
dicular rotation axis at a fifth step in the second roll 20 
forming means in the emtxxliment; 
FIG. 10 shows shapes of rolls each having a per- 
pendicular rotation axis at a sixth step in the second 
roll forming means in the embodiment; 
FIG. 11 shows shapes of rolls for heading and 2s 
pressing a turnup projecting portion at a seventh 
step in the second roll forming means in the embod- 
iment. 

FIG. 12 shows shapes of rolls in a middle bending 

process in the third roll forming means; 30 

FIG. 13 shows shapes of rolls in a final bending 

process in the third roll forming means; 

FIG. 14 shows shapes of rolls for bending by an 

angle of 30** in the fourth roll forming means; 

FIG. 15 shows shapes of rolls for bending by an 35 

angle of 60** in the fourth roll forming means; 

FIG. 16 shows shapes of rolls for bending by an 

angle of 105° in the fourth roll forming means; 

FIG. 17 shows shapes of rolls for bending by an 

angle of 1 20° in the fourth roll forming means; 40 

FIG. 18 shows shapes of rolls for bending by an 

angle of 150° in the fourth roll forming means; 

FIG. 19 shows shapes of rolls for bending by an 

angle of 180° in the fourth roll forming means; 

FIG. 20 is a view in which a trapezoidal projecting 4s 

portion and a flat portion are overlapped with a belt 

plate (broken line); 

FIG. 21 is an enlarged view showing a main portion 
of the roll forming means of FIG. 9; 
FIG. 22 is an enlarged view showing a main portion so 
of the roll forming means of FIG. 10; 
FIG. 23A shows a Shape of a product bent without 
heading from an end portion toward a curved por- 
tion in the third roll forming process in the embodi- 
ment, and FIG. 23 B shows a shape of a product 55 
bent while heading from the end portion toward the 
curved portion in the third roll forming process in 
the embodiment; 



FIG. 24 shows a variation of a curvature radius of a 
curved portion when a heading amount A is varied 
in FIG. 23; 

FIG. 25 shows a curved shape of a formed product 
when a pressing force F directing from a perpendic- 
ularly folded portion side to a semi-circular curved 
portion side is applied in the fourth roll forming 
process in the embodiment; 
FIG. 26 shows a deformed amount P to apply the 
pressing force F directing from the perpendicularly 
folded portion side to the semi-circular curved por- 
tion side is applied in the fourth roll forming process 
in the emtxxlimeni; 

FIG. 27 is a cross sectional view of a flat tube 
formed in the embodiment; 
FIG. 28 is a deformation of a curved portion when a 
heading anrtount applied from an end portion to the 
curved portion is increased excessively; 
FIG. 29 shows a gap 6 formed between an inner 
wall of a roll and a product formed without applying 
a pressing force F directing from a perpendiculariy 
folded portion side to a semi-circular folded portion 
in the third roll forming process; 
FIG. 30 is a deforming state of the material when a 
belt-shaped plate is roll-formed to form a mountain- 
shaped projecting portion; 
FIG. 31 is an enlarged view of a projecting portion 
of FIG. 30; 

FIG. 32 shows a state in which the projecting por- 
tion of FIG. 31 is deformed; and 
FIG. 33 is a cross sectional view of a flat tube 
formed by a conventional method. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A first embodiment of the present invention will be 
described. 

In tills embodiment, a roll forming apparatus 1 (FIG. 
1) is for forming a flat tube 81 (FIG. 3E) provided with a 
reinforced portion having a e-shaped aoss section at a 
center thereof by folding a sheet of a long belt plate 40 
(FIG. 2A) continuously 

As shown in FIG. 1 . the roll forming apparatus 1 is 
provided witii a first roll forming means 1 1 (FIG. 4) for 
forming a projecting portion 416 (FIG. 2A) formed in a 
trapezoidal shape at a center portion of the belt plate 40 
in a width direction tiiereof , a second roll forming means 
12-18 (FIGS. 5 • 11) for forming a turnup projecting 
portion 43, 44 (FIGS. 2D and 2E) in which a projecting 
portion 426 (FIG. 2C) is formed substantially in a trian- 
gular shape by gradually nan-owing a width LI of upper 
side of the trapezoid and then two projecting sides are 
closely contacted inside, a third roll forming means 21 
and 22 (FIGS. 12 and 13) for forming perpendicularly 
folded portions 456 (FIG. 3B) having a height equal to or 
smaller tiian a height H of the turnup projecting portion 
44 at each end of the belt plate 40 in the transverse 
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width direction, and a fourth roll forming means 23 - 28 
(FIQS. 14 ' 19) for bending a middle portion between 
the perpendicularly folded portion 456 and the turnup 
projecting portion 44 in a circular shape in such a man- 
ner that the flat plate portion 468 and 469 (FIG. 3E) are 5 
in parallel with each other and for closely contacting the 
folded portions 456 to both side surfaces of the turnip 
prcjecting portion 44. 

The second roll fbrming means 12-18 include 
pressing forming means 18 (FIG. 11) for heading and 
pressing the tumup projecting portion 43 from an upper 
side thereof to reduce a curvature radius of a curved 
portion, so that the turnup projecting portion is formed in 
a rectangular shape. 

The third roll forming means 21 and 22 for forming 
the perpendicularly folded portion 456 includes, as 
shown in FIG. 3A. intermediate bending roll fbrming 
means 21 (FIG. 1 2) for bending by a middle angle 45"* of 
the bending angle 30'' - 60"* , and a final bending roll 
forming means 22 (FIG. 13) for bending the perpendic- 
ularly folded portion 455 (FIG. 3A) bent by the middle 
angle 45'' while heading the folded portion 455 from an 
end portion 51 1 toward the curved portion 512 only by a 
size A being 0.6 to 1 .6 times as much as the plate thick- 
ness t as shown in FIG. 23. 

The fourth roll fbrming means 23 - 28 include press- 
ing roll fbrming means 25 - 27 for applying a force F 
directing from the perpendicularly folded portion 456 to 
a semi-circular folded portion 467. as shown In FIG. 25, 
when a middle portion between the perpendicularly 
folded portion 456 and the turnup projecting portion 44 
is folded in a semi-circular shape. 

Hereinafter, an ^lanation will be supplemented. 

The flat tube 81 (FIG. 27) formed in this embodi- 
ment is used for a radiator for a vehicle, or a heat 
exchanger of a hot water type heating apparatus or the 
like, and is made of aluminum. A thickness thereof is 
approximately in a range of 0.25 - 0,30 mm. A trans- 
verse width D shown in FIG. 27 is approximately in a 
range of 16 - 27 mm, and a height h Is approximately in 
a range of 1.4 - 1.8 mm. Therefore, a width of the belt 
plate 40 (FIG. 2A) as the raw material is approximately 
In a range of 40 - 60 mm. 

The roll forming apparatus 1 includes, as shown in 
FIG. 1 , roll forming means 1 1 - 15. 18, 21 - 28 each hav- 
ing a horizontal rotation axis of rolls thereof, and roll 
forming means 16 and 17 each having a perpendicular 
rotation axis of rolls thereof. 

Firstly, by using the roll fbrming means 1 1 shown in 
FIG. 4. as shown in FIG. 2B. a projecting portion 416 is 
formed in a trapezoidal shape having a large width LI at 
an upper side thereof. Then, by using the roll forming 
means 12 - 14. as shown in FIGS. 2B and 2C. the width 
LI of the upper side of the trapezoid is gradually short- 
ened. 

Further, by using the roll forming means 15 shown 
in FIG. 8, as shown in FIG. 2D. a projecting portion 426 
is formed in a triangular shape. 



Next, by using the roll forming means 16 and 17 
each having the perpendicular rotation axis of the rolls, 
shown in FIGS. 10 and 1 1 . each inside of two projecting 
sides is closely contacted to form a tumup projecting 
portion 43. as shown in FIGS. 21 and 22. 

Sequentially, by using the roll forming means 18 
having a horizontal rotation axis, shown in FIG. 1 1 . a 
tumup projecting portion 44 shown in FIG. 2F is formed 
in a rectangular shape, by heading and pressing the tur- 
nup projecting portion 43 from an upper side thereof to 
reduce a curvature radius of a curved shape. 

By fomring with the above-described processes, 
f irstiy, when the trapezoidal projecting portion is formed 
as shown in FIG. 20. a transverse width w' of the non- 
mountain portion (flat portion) becomes narrower than a 
transverse width w shown in FIG. 30; and therefore, a 
transverse cross section Sa of the flat portion (non- 
mountain portion) Is reduced, and a tensile force R in 
the formula (1) decreases. 

Further, because a position of the bent portion is 
shifted while gradually narrowing the width LI of the 
upper side of the trapezoid, the above-descrik^ed tensile 
stress does not concentrate on one spot. Therefore, 
tfiere is no possibility that the projecting portion Is con- 
stricted (like the constricted portion 951 shown In FIG. 
32). 

Further, by using tiie roll forming means 18, tfie 
forming process for heading and pressing tiie turnup 
projecting portion 43 from an upper side tiiereof is 
included. Therefore, the top portion is made flat, and the 
curvature of the top portion at each side can be further 
increased. As a result, tiie top portion of the turnup pro- 
jecting portion 44 of the flat tube 81 shown In FIG. 2F 
becomes flat In this embodiment, the curvature radius 
of tiie both side portions 441 of the top portion can be 
made to be equal to or less than 0.25 mm. 

Next, as shown in FIG. 3 A, both side portions 455 
of an intermediate product in which the turnup project- 
ing portion 44 is formed by the roll forming means 21 
(FIG. 12) are bent by an angle of 45** . 

Sequentially, as shown In FIG. 3B, by using the roll 
forming means 22 (FIG. 13), both side portions 455 are 
folded and bent perpendicularly to form the perpendicu- 
larly folded portions 456. At this time, as shown in FIG. 
23. the side portion 455 is folded and bent perpendicu- 
larly while heading the side portion 455 from the end 
portion 51 1 toward the curved portion 51 2 only by a size 
A being 0.6 to 1 .6 times as much as tiie plate thickness 
t, as shown in FIG. 23. 

By setting the heading amount A in a range of 0.6 - 
1 .6 times as much as the plate thickness t, the curvature 
of the curved portion 512 bent perpendicularly can be 
increased without causing buckling, deformation, or the 
like. As a result, the outer curvature radius of the curved 
portion 51 2 can be set preferably to be equal to or less 
than the plate thickness t. 

FIG. 24 shows a relationship between a size of a 
heading amount (relative value « a ratio between the 
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size A ard the plate thickness t) and an outer cun^ture 
radius of the curved potion 512. As being urderstood 
therefron, by setting the size of the heading amount to 
be equal to or more than 0.6 1. the curvature radius can 
be set to a preferat)le target value which Is equal to or 
less than the plate thickness t. 

However, when the heading amount A is set to 
exceed 1 .6 1. as shown in FIG. 28. portions adjacent to 
the bent portion 452 are deformed in a wavy shape, and 
when the heading amount A is set to exceed 2.0 t, the 
buckling phenomenon is observed (the mark "X" in FIG. 
24). 

Therefore, it is preferable that the heading amount 
should be in a range of 0.6 • 1 .6 1 

Next by using the roll forming means 23 (FIG. 14). 
the mkjdle portion between the perpendicularly folded 
portion 456 and the turnup projecting portion 44 is 
fblded and bent by an angle of 30** . 

Sequentially, as shown in FIGS. 3C and 3D, by 
using the roll forming means 24 - 27 (FIGS. 15 - 18), the 
middle portion between he perpendicularly folded por- 
tion 456 and the turnup projecting portion 44 is gradu- 
ally fblded and bent by angles of 60"* . 1 05"* (not shown). 
120*" (not shown), and 150"* in this order. 

At this time, as shown in FIG. 25, the middle portion 
is fblded and bent while applying a pressing force F 
directing from the perpendicularly folded portion 456 to 
the semi-circular folded portion 467. As a result, as 
shown in FIG. 25, there is no occurrence of a gap 
between an inner wall 292 of an upper roll 291 and the 
formed product and between an inner wall 296 of a 
lower roll 295 and the formed product. That is. when the 
middle portion is fblded and bent without applying the 
above-described pressing force F. as shown in FIG. 29. 
there occurs a gap 5 between a desired curved line 
formed by the inner walls 292 and 296 of the upper roll 
291 and the lower roll 295; however, by applying the 
above<lescribed pressing force, the gap $ can be com- 
pletely eliminated in this embodiment. 

In this embodiment, a pushing amount P for gener- 
ating the above-described pressing force, by the upper 
roll 291 , is approximately 0.2 mm. 

Finally, by using the forming roll 28 (FiG. 19). the 
flat portions 468 and 469 are made in parallel with each 
other, and the fblded portions 456 are closely contacted 
each side of the turnup projecting portion 44. 

Then, by using a transferring roll 30 shown in FIG. 
1 , a formed product is supplied to the next process. 

As described above, in tiiis embodiment, the curva- 
ture radius of the curved portion 512 in the perpendicu- 
larly fbUed portion 456 is equal to or less than the plate 
thickness t. the top portion of the turnup projecting por- 
tion 44 is flat, and the curvature radius of the top portion 
at each side Is equal to or less than 0.25 mm. Thus, the 
flat tube 81 having only a small number of depressions 
formed between the perpendicularly fblded portions 
456, on an upper surfece thereof, can be obtained sat- 
isfactorily. 



Although the present invention has been fully 
described in connection with the preferred emtxxil- 
ments thereof with reference to the aoconpanying 
drawings, it is to be noted that various changes and 
5 nrxxlifications will become apparent to those skilled in 
the art. Such changes and modifications are to be 
understood as being included within the scope of the 
present invention as defined in the appended claims. 



1 . A roll forming method for forming a flat tube having 
a e-shaped cross section by continuously bending a 
sheet of a long belt plate material, in which a rein- 
15 forced portion is provided at a center thereof, said 
roll forming method comprising: 

a first roll forming process (11) for forming a 
trapezoidal projecting portion (416) having an 
20 upper side at a center portion of the belt plate 

material in a wkJth direction thereof: 
a second roll forming process (12-18) for grad- 
ually narrowing said upper side of said trape- 
zoidal projecting portion such that said 
25 projecting portion (426) is formed substantially 

in a triangular shape and then for forming a tur- 
nup projecting portion (43, 44) by closely con- 
tacting insides of projecting two sides of said 
triangular projecting portion; 
30 a third roll forming process (21 , 22) for forming 

perpendicularly fblded portions at both sides of 
the belt plate material in a transverse widtii 
direction, said perpendicularly fblded portions 
each having a height smaller than a height (H) 
35 of said turnup projecting portion; and 

a fourth roll forming process (23-28) for folding 
a middle portion between said perperxiicularly 
folded portion (456) and said turnup projecting 
portion in a semi-circular shape such that flat 
40 portions (468. 469) adjacent to said middle por- 

tion are in parallel with each otiier and for 
closely contacting said folded portion with a 
side surface of said turnup projecting portion. 

45 2. A roll forming method according to claim 1 . wherein 
said second roll forming process includes a press- 
ing forming process (18) for heading and pressing 
said turnup projecting portion from an upper side 
ttiereof while reducing a curvature radius of a 
so curved portion thereof, to form said turnup project- 
ing portion in a rectangular shape. 

3. A roll forming method according to any one of 
claims 1 and 2. wherein, 

55 

said third roll forming process for forming per- 
pendicularly fblded portions includes: 
an intermediate bending process (21) for bend- 
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ing a portion to be bent perpendicularly by a 
middle angle In a range of a bending angle 30^ 
- 60*» ; and 

a final bending process (22) for bending per* 
perxiicularly said portion bent by said middle s 
angle while heading said portion from an end 
portion thereof toward a curved portion. 

4. A roll forming method aocorcfing to daim 3, wherein 
said final bending roll forming process heads said io 
portion from said end portion toward said curved 
portion thereof only by a size A being 0.6 to 1.6 
times as much as a plate thickness t of the belt 
ptate material. 

IS 

5. A rod forming method acoording to any one of 
claims 1 to 4, wherein, 

said fourth roll forming process folds said mid- 
dle portion between said perpendicularly 20 
folded portion and said turnup projecting por< 
tion in a semi -circular shape while applying a 
pressing force F directing from said perpendic- 
ularly folded portion toward said semi-circular 
folded portion. 2s 

6. A roll forming apparatus for forming a flat tube hav- 
ing a e-shaped cross section by continuously bend- 
ing a sheet of a long belt plate material » in which a 
reinforced portion is provided at a center thereof. 30 
said roll forming apparatus comprising: 

a first roll forming unit (1 1) for forming a trape- 
zoidal projecting portion (416) having an upper 
side at a center portion of tiie belt plate mate- ss 
rial in a width direction thereof; 
a second roll forming unit (12-18) for gradually 
narrowing said upper side of said trapezoidal 
projecting portion such that said projecting por- 
tion (426) is formed substantially in a triangular 40 
shape and then for forming a turnup projecting 
portion (43. 44) by dosely contacting insides of 
projecting two sides of said triangular project- 
ing portion; 

a tiiird roll forming unit (21 . 22) for forming per- 45 
perKlicularly folded portions at both sides of the 
belt plate material in a transverse width direc- 
tion, said perpendicularly folded portions each 
having a height smaller than a height (H) of 
said turnup projecting portion ; and so 
a fourth roll forming unit (23-28) for folding a 
middle portion between said perpendicularly 
folded portion and said turnup projecting por- 
tion in a semi-circular shape such that flat por- 
tions (468. 469) adjacent to said middle portion ss 
are in parallel with each other and for closely 
contacting said folded portions with a side sur- 
face of said turnup projecting portion. 



7. A roll forming apparatus according to daim 6, 
wherein said second roll forming unit includes a 
pressing forming unit (18) for heading and pressing 
said turnup projecting portion from an upper side 
thereof while redudng a cun^ture radius of a 
curved portion thereof, to form said tumup project- 
ing portion in a rectangular shape. 

8. A roll forming apparatus acoording to daim 7, 
wherein, 

sakj second roll forming unit indudes: 

a plurality of a pair of rolls (11-15) each 
having a horizontal rotation axis, for nar- 
rowing said upper side of said trapezoidal 
projecting portion; 

a plurality of a pair of rolls (16, 17) each 
having a perpendicular rotation axis, for 
forming a turnup projecting portion by 
closely contacting insides of projecting two 
sides of said triangular projecting portion; 
and 

a pair of rolls (18) for heading and pressing 
said tumup projecting portion while reduc- 
ing the curvature radius of said curved por- 
tion. 

9. A roll forming apparatus according to any one of 
daims 6 to 8, wherein, 

said third roll forming unit for forming perpen- 
dicularly folded portions includes: 

an intermediate bending unit (21) for bend- 
ing a portion to be bent perpendicularly by 
a middle angle in a range of a bending 
angle 30** - 60** ; and 

a final bending unit (22) for bending per- 
pendicularly said portion bent by said mid- 
dle angle while heading said portion from 
an end portion ttiereof toward a curved 
portion. 

10. A roll forming apparatus according to daim 9. 
wherein said final bending roll unit heads said por- 
tion from said end portion toward said curved por- 
tion thereof only by a size A being 0.6 to 1 .6 times 
as much as a plate thickness t of the belt plate 
material. 

11. A roll forming apparatus according to any one of 
daims 6 to 10, wherein said fourth roll forming unit 
folds said middle portion between said perpendicu- 
larly folded portion and said turnup projecting por- 
tion in a semi-circular shape while applying a 
pressing force F directing from said perpendicularly 
folded portion toward said semi-circular folded por- 
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tion. 

12. A roll forming apparatus aocording to any one of 
datms 6 to 1 1 . wherein said fourth roll forming unit 
includes a plurality of a pair of rolls (23>28) having 5 
different forming angles from each other, to fold 
said middle portion between said perpendicularly 
folded portion and said turnup projecting portion 
step by step. 
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